We present ISOPHOT linear scans of two carbon-rich proto-planetary nebulae, AFGL 2688 and AFGL 618. The scans were made with the ISO AOT PHT32 using the 120 and 180 mm filters. Both these objects 53 # 3 appear to have very bright central point sources together with extremely extended (radius ∼350Љ-400Љ) dust shells with brightnesses of ∼10% of the peak brightness of the point source. Assuming constant expansion velocities, ages for these dust shells are of the order of 10 5 yr. The infrared intensities do not fall off smoothly with radius as one would expect for constant or even steadily increasing mass-loss rates. Rather, AFGL 2688 and AFGL 618 both show enhanced emission at 150Љ and 300Љ and 160Љ and 275Љ, respectively. These "periodic" enhancements indicate episodic variations in the mass loss with timescales (few times 10 4 yr) that appear to coincide with thermal pulses on the asymptotic giant branch. Comparison of these timescales with theoretical calculations suggest a progenitor main-sequence mass of ∼3 M , for both AFGL 2688 and AFGL 618.
INTRODUCTION
Intermediate-mass stars (0.8-8.0 M , ) end their lives on the asymptotic giant branch (AGB; Iben & Renzini 1983) . The intensive mass loss that characterizes the AGB produces a circumstellar shell of dust and neutral gas. Images of the dust around the well-studied carbon star IRC ϩ10216 (Mauron & Huggins 1999) show that AGB stars have fairly spherically symmetric mass loss. During the ascent of the AGB, the velocity of the outflowing mass appears to be fairly constant (e.g., Huggins et al. 1988 ). However, theoretical calculations suggest that the mass-loss rates should vary. Both Vassiliadis & Wood (1993; hereafter VW) and Steffen, Szczerba, & Schönberner (1998) have produced models of the evolution of those stars expected to evolve up the AGB including the effect of mass loss. Both groups suggested that the changes in surface luminosity of AGB stars as a result of the thermal pulse cycles should lead to variations in the mass-loss rate. In order to investigate such variations, one needs to have an observational record of the AGB mass loss.
The circumstellar dust shells of proto-planetary nebulae (PPNs), objects in transition between the AGB and planetary nebula (PN) phases, contain the fossil record of AGB mass loss. The dust farthest from the star represents the oldest mass loss, while material closer to the star represents more recent mass loss. The inner radius of the dust shell represents the end of the heavy mass loss and the end of the AGB phase of the star's evolution. The temperature of the dust shell decreases with increasing radius from the central star and plateaus near 30-50 K. Far-infrared imaging can detect the emission from this cool outer dust in addition to the central warm (∼300 K) dust. Here we present an ISOPHOT far-infrared imaging study of the two best studied carbon-rich PPNs, AFGL 2688 (also known as the Egg Nebula) and AFGL 618.
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OBSERVATIONS
We have obtained linear scan maps of AFGL 2688 and AFGL 618 using the ISOPHOT (Lemke et al. 1996) . These linear scans, which are centered on the objects, represent traverses across the entire circumstellar dust shells (see Table 1 for details). Their length of 53Ј ensures that we can sample the background emission outside the dust shell. Both objects were imaged with two filters, 120 and 180 mm, on the C200 array, which has a 2 # pixel format with 92Љ pixel scale. The ISOPHOT mapping 2 AOT, PHT32, was used because it provided the best oversampling. The final maps were ( image pixels). 53 # 3 106 # 2 The point-spread functions (PSFs) have full width half-maxima (FWHM) of 93Љ .2 for the 120 mm filter and 95Љ .6 for the 180 mm filter.
The PHT32 AOT uses a combination of raster mapping and chopper sweeping to create a map. For each raster step size of 92Љ, the chopper was used to make smaller steps of 30Љ to give an image pixel size of for our scans. The linear scans 30 # 92 used the maximum raster length possible of 46Ј. The chopper, however, sweeps across the raster position, which increases the total length of the linear scans to 53Ј. Both forward and reverse scans were obtained in order to determine the repeatability of structures observed in the objects' spatial profiles. However, the chopper sweep direction is the same for both forward and reverse scans (see Speck, Meixner, & Knapp 2000) .
The ISOPHOT data presented in this Letter were reduced using PIA (Gabriel et al. 1997) . PHT32 data cannot be reduced using the pipeline data reduction only. Various artifacts occur in the data as a result of the observing mode which we minimized by careful manual data reduction. For further details on data reduction problems, see Speck et al. (2000) . At present, the absolute calibration of the PHT32 data is not reliable. However, at least in this preliminary work, we are interested only in the relative changes in the intensities with radius across the shell. Absolute calibration is not essential to the current discussion of the radial profile of the dust shells (cf. Fajardo-Acosta, Stencel, & Backman 1997) . The observation and calculated PSF have been compared to the PHT32 observation of Ceres, a point source with approximately the same peak flux as AFGL 2688 at 120 mm, to show that the PSF is valid and the extended emission around these objects is real (Fig. 1) . Note.-Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds.
a v is the orientation of the scan, measured east of north. The offset between the emission levels for the scans at these two wavelengths is real and is due to the ambient temperature of the dust in the shells and the surrounding ISM. 
PREVIOUS OBSERVATIONS OF EXTENDED EMISSION AROUND AFGL 2688 AND AFGL 618
AFGL 2688 is believed to be a PPN that left the AGB in the last few hundred years (e.g., Skinner et al. 1997; hereafter S97) . It has an F I5a central star and a spectacular optical image (Sahai et al. 1998) . The radius of the optical reflection nebula is of the order of 30Љ. The molecular emission from this object has been investigated by many groups (e.g., Knapp et al. 1982; Heiligman et al. 1986; Truong-Bach et al. 1990 ; Nguyen-Q-Rieu, Winnberg, & Bujarrabal 1986) who found it to be extended on the scale of a few times 10Љ. AFGL 2688 has also been mapped in the mid-IR (e.g., Hora et al. 1996; S97) and was found to be fairly compact at this wavelength (less than 2Љ across).
AFGL 618 is considered to be a PPN/young PN. This object has progressed farther along the path from the tip of the AGB toward the PN phase than has AFGL 2688. It is an IR source of color temperature ∼200 K located between two optical lobes separated by ∼7Љ in the east-west direction (Westbrook et al. 1975) . The central star is of spectral type B0. The entire optical nebula is surrounded by a molecular envelope that has been investigated by many groups (e.g., Knapp et al. 1982; Bachiller et al. 1988; Phillips et al. 1992; Meixner et al. 1998 ) who found it to be extended to ∼70Љ diameter. In addition to the molecular maps, Hora et al. (1996) mapped the mid-IR emission from AFGL 618 and found it to be marginally extended in the eastwest direction (the direction of the optical elongation) but not in the north-south direction. Their observations suggest that AFGL 618 is very compact in the mid-IR. Indeed, they did not find any low-level emission in the area sur-20 # 25 rounding AFGL 618.
The previous observations of extended emission around AFGL 2688 and AFGL 618 discussed above are restricted to an area that is entirely covered by the ISOPHOT PSF in the observations presented here. The earlier observations seem to suggest that these objects comprise a molecular envelope out to a radius of a few times 10Љ and warm dust emission in the mid-IR confined to an even smaller radius. The present work shows that cool dust can be observed out to radii of ∼ . The 300 -400 dust far from the star will be too cool to emit in the mid-IR, so we need to observe in the far-IR to image this dust. The molecular gas is expected to be dissociated by interstellar radiation at large distances from the star. Therefore, we do not expect to see molecular envelopes on the scale of the cool dust shells.
RESULTS

AFGL 2688
The FIR images presented here show that the extent of this nebula in the FIR is much broader than the warm dust or molecular envelopes would suggest. Figure 1 shows the brightness profile of the ISOPHOT linear scan of the Egg at 120 mm, comprising a bright point source surrounded by extended emission out to ∼350Љ. Since the image has image pixels, 2 # 106 we take the brightness profile of the brighter of the two rows. The background slope due to the long-term drift of the detector responsivity has been flattened. The surface brightness of the extended emission is ∼10% of the peak brightness of the point source. A closer look at the extended emission can be seen in Figure 2 , which shows that the distribution of the emission is not smooth but rather shows periodic enhancements. Figure 3 compares the scans at 120 and 180 mm, which clearly show similar structure. The main difference between the profiles of these two scans is that the slightly lower resolution of the 180 mm scan buries the inner ring of enhanced emission seen in the 120 mm scan. The bumps in emission appear at the same radial distance at both wavelengths, showing that these bumps are not related to Airy rings. Furthermore, while these data are not absolutely calibrated yet, it is clear that the dust is brighter at 180 mm than 120 mm.
We have simulated the extended emission using a mapping simulator as part of the PIA package (Gabriel & Hur 2000) . This simulator allows us to build an object out of point sources and extended sources, convolve it with a PSF, and produce an image of how this object would appear if observed using the PHT32 AOT and assuming a certain noise level. In Figure 2 the simulated emission is compared to observed emission. We find that in order to match the emission from the Egg at these wavelengths, we need a point source surrounded by a uniform extended source with radius of ∼350Љ plus two rings of enhanced emission at ∼150Љ and ∼300Љ, which are represented by point sources.
We take the distance to AFGL 2688 to be 1.2 kpc (S97), which gives the spatial extent of the emission a radius of ∼2 pc. The enhancements in emission represent denser dust shells at radii of ∼0.87 and ∼1.7 pc. If we also assume a constant expansion velocity of 22.4 km s Ϫ1 (from CO rotational lines; see S97), these denser dust shells were created by increased mass loss and yr ago. The time since the material 4 4 3.7 # 10 7.4 # 10 at the outer radius of the shell was ejected from the star is ∼ yr. 4 9 # 10
AFGL 618
Figures 4, 5, and 6 show that the morphology of the thermal emission from AFGL 618 closely resembles that of AFGL 2688, showing a bright point source surrounded by lower level extended emission which shows periodic enhancements. However, the positions of the periodic enhanced emission differ slightly from those of AFGL 2688, occurring at ∼160Љ and ∼275Љ rather than ∼150Љ and ∼300Љ as with AFGL 2688. These are not the first very extended shells to be observed. Gillett et al. (1986) found evidence for a 4 pc radius shell around R CrB in the IRAS 60 and 100 mm data. Likewise, Hawkins (1990) used IRAS 60 and 100 mm data to investigate the O-rich AGB star W Hya and found a very extended shell. Young, Phillips, & Knapp (1993;  hereafter YPK) surveyed nearby AGB stars (mostly within 1 kpc) and found many stars with very extended dust shells including three with shells larger than 3 pc in radius. Hawkins & Zuckerman (1991) found dust shells around some young PNs that extended beyond the optical halos. Therefore, the sizes of the dust shells around AFGL 2688 and AFGL 618 are comparable to those seen previously in the IRAS data for AGB stars and PNs.
These authors note that such large dust shells require external heating from the interstellar radiation field in order to be seen. Indeed, preliminary modeling of our ISOPHOT scans shows that the only way to account for the emission in these large shells is if they are warmer than would be expected if only heating by the central star were included. Furthermore, comparing the scans at 120 and 180 mm shows that the ratios of the intensities at these wavelengths become constant beyond ∼1 pc radius (cf. YPK), implying that the color temperature distribution in the dust shells levels out at large distances from the central star. Unfortunately the lack of absolute calibration for these intensities means that we cannot currently extract color temperatures from these data. The work of Gillett et al. (1986) and YPK suggests that these shells should have a minimum temperature in the range 20-40 K.
The two enhanced emission bumps in the radial profiles of both AFGL 2688 and AFGL 618 suggest episodic mass loss caused by thermal pulses on the AGB. VW modeled the effect of thermal pulses on mass loss. Among the parameters they derived in their models were the time between thermal pulses (T interpulse ), the time spent in the thermally pulsing AGB phase or TP-AGB (T TP-AGB ), and the durations of the enhanced mass loss as a result of the thermal pulses (T Swind ). These were calculated for various masses and metallicities. Table 2 summarizes these values for a given metallicity ( ). It is clear that T interpulse Z p 0.008 varies from 10 4 to 10 5 yr, increasing as the initial mass decreases. T TP-AGB varies in the range of a few times 10 5 to yr, with 6 2 # 10 the maximum for the middle masses. If we assume that the emission bumps are due to enhanced mass loss as a result of thermal pulses, then we have a measure of the interpulse time. Furthermore, it is believed that AGB stars do not undergo significant mass loss until they are in the TP-AGB phase. Thus, if we assume that we are imaging the entire dust shells of these objects, then we have a measure of the time they spend in the TP-AGB phase, which is are included in Table 2 .
If we compare T interpulse from our observations with the model values, we see that both AFGL 2688 and AFGL 618 should have evolved from progenitor stars of mass in the range from 2.5 to 3.5 M , . Furthermore, the ages of the observed dust shells are of the order of 10 5 yr, which is shorter than the T TP-AGB from any of the models. Unfortunately, the resolution of our observations does not allow the determination of the duration of the enhanced mass loss, so we cannot compare this with the timescales from the models. The distances to these objects are somewhat uncertain, which leads to uncertainties in the derived timescales. However, taking any distances for these objects within the published range still gives timescales that lead to (1) progenitor masses of 2.5-3.5 M , based on T interpulse and (2) too short a time on the TP-AGB. However, if we take the T TP-AGB for these objects to be 10 5 yr and assume the mass-loss rates for this time are those of S97 and Meixner et al. (1998) , i.e., a few times 10 Ϫ5 M , yr
Ϫ1
, we get a mass for the entire shell of ∼3 M , . If we then assume that the remnant star has a mass in the range 0.6-1 M , , we find a progenitor mass Շ4 M , .
The T TP-AGB taken from the observations may be underestimated. YPK showed that interaction with the surrounding ISM leads to slowing of the outer boundary of the outflow. This implies that, while the outflow velocity in the central regions of the dust shell may be roughly the same as that measured for the CO rotational lines, the outflow may decelerate as a result of interaction with the ISM. This would lead to underestimations of the age of the outermost part of the shell. Another reason for the apparent short observed T TP-AGB may be that we are not imaging the entire AGB mass loss but only the last couple of pulse cycles. Using mass-loss rates from the literature, we find that the dust density can drop to the local ISM density over a few parsecs. This would mark the edge of the observable dust shell, since the circumstellar dust becomes indistinguishable from the ISM.
CONCLUSIONS
We have discovered large dust shells around AFGL 2688 (350Љ radius) and AFGL 618 (400Љ radius). The radial profiles of these dust shells reveal two sets of emission bumps, suggesting that episodic mass loss has occurred in both AFGL 2688 and AFGL 618. The timescales between these bumps (few times 10 4 yr) correspond to theoretical predictions of enhanced mass loss owing to thermal pulses on the AGB and suggest main-sequence progenitor masses of ∼3 M , for both objects.
